Background & Aims: The ideal predictor of acute pancreatitis should be inexpensive, readily available in most emergency departments, easily applicable, consistent, non-invasive and has the statistical power. Although such predictor has not been detected, the research continues to pursue such one. This survey was created to research and evaluate different simple laboratory tests as possible predictors of severe acute pancreatitis.
Introduction
Acute pancreatitis (AP) is best defined physiologically as an acute inflammatory process of the pancreas with variable involvement of other regional tissues or remote organ system, AP is a complex process in which pancreatic enzyme activation causes local pancreatic damage, resulting in an acute inflammatory response. AP is a common disorder that leads to large number of admissions in Egypt and elsewhere in the world (1, 2) .
Although the clinical course of AP is usually mild and resolves without sequelae, 20% of patients will experience a severe attack of AP resulting in a variety of systemic and local complications with significant increase in morbidity and mortality (3, 4) .
The prediction of severity of AP is not only important for predicting the clinical course of the disease but also important for early admission of the patients to intensive care unit and identifying those at great risk of morbidity and mortality for further management, more informed clinical decision making and even intervention to relieve the cause or treating the complications due to the disease process.
The severity of AP can be predicted using clinical, laboratory and radiologic risk factors, various grading systems and serum markers. No perfect system exists for predicting which patients will develop severe AP. The problem with all predictive models and systems is that they have low specificity when combined with the low prevalence of severe AP result in modest positive predictive values (5) .
The ideal predictor should be fast, inexpensive, minimally invasive and can detect patients at low risk of complications (6) . Although, no predictor has been proven to be the ideal one (5) , some of these predictors show to be promising and of great value in predicting severe AP.
Many predictors have been studied before with varying results. Body mass Index (BMI), hematocrit value, blood glucose level and pleural effusion detected by plain chest radiograph are simple tests and promising predictors to the severity of AP and provide significant data for clinical decision making and proper management (7) . However, some other predictors like total serum calcium level showed mixed results (7, 8) .
In this study, we try to determine the most simple (easily applicable), accurate, inexpensive and rapid tests which can be used as predictors of severity of acute pancreatitis.
Patients and Methods:
This study included 40 patients admitted to the gastroenterology and the Hepatology unit during the period from January 2014 to December 2014, at Tanta University emergency hospital after being diagnosed to have acute pancreatitis. AP was diagnosed clinically by a patient presenting with 2 of the following 3 criteria: (1) symptoms consistent with pancreatitis (e.g. epigastric pain), (2) a serum amylase or lipase level greater than 3 times the laboratory's upper limit of normal range, and (3) radiology imaging consistent with pancreatitis, usually using CT or MRI All patients were being divided into 2 groups based on 2012 Atlanta Classification Revision of Acute Pancreatitis (9): Group 1, that were diagnosed as mild acute pancreatitis (no organ failure and no local or systemic complications), it included 28 patients, and group 2, that were diagnosed as moderate to severe acute pancreatitis (with single or multiple organ failure and/or local or systemic complications), it included 12 patients.
Organ failure was defined as having a score of 2 or more based on Modified Marshall scoring system for organ failure which was calculated on admission and at 48 hours after admission (10) .
Patients have been excluded from the study in the following conditions: history of diabetes mellitus, admission after 24 hours from the start of the disease, history of pancreatic carcinoma or chronic pancreatitis, pregnancy, history of severe debilitating disease and history of illness that could compromise the interpretation of the investigations such as known anemia or pleural effusion prior to development of acute pancreatitis.
The ethics research committee, Faculty of Medicine, Tanta University has approved conduction of this study.
All patients were subject to the following that were performed at the time of admission within the initial 24 hours from the start of the disease: Complete history taking, complete clinical examination with recording of vital signs, calculation of body mass index, CBC, blood glucose level, serum creatinine, blood urea nitrogen (BUN), liver functions, C-reactive protein (CRP), total serum calcium, serum lipase and amylase, arterial blood gases, abdominal ultrasonography and plain chest radiography.
Statistical Analysis
Data were tabulated, coded then analysed using the computer program SPSS (Statistical package for social science) version 17.0. Data was presented as mean ± standard deviation for parametric data; median, minimum and maximum for non-parametric data and frequency for qualitative data.
Student's t-test was used to compare between mean of two groups of numerical (parametric) data. For continuous nonparametric data, Mann-Whitney U-test was used for intergroup analysis. Inter-group comparison of categorical data was performed by using chi square test (X
-value)
The sensitivity and specificity of some parameters were examined at different cutoff points using receiver operating characteristic (ROC) curve analysis to determine the best cutoff point as well as the diagnostic power of each test. A P value <0.05 was considered statistically significant. And a P value <0.0001 was considered highly significant in all analyses. Table 1 shows age and gender of all studied patients in addition to the laboratory data that were done within initial 24 hours from the start of the disease.
Results
Our results shows that no significant difference regarding age and sex among the two studied groups. Regarding body mass index (BMI), table 1 shows that group 2 with moderate to severe AP had BMI significantly higher than that in group 1 with mild AP (p value = 0.005).
As regards the vital data analysis of the two groups, the mean±SD of body temperature in group 1 and group 2 was 37.92±2.91 and 39.03±0.35 respectively with a P value of 0.37 which shows no statistical significance. So, body temperature can't be used as reliable predictor of AP severity. On the other hand, there were a significant statistical difference between patients of group 1 and group 2 as regards heart rate, systolic and diastolic blood pressures (P value <0.001).
Blood glucose showed mean±SD of 125±25 mg/dL in the group 1 while it was 188±35 mg/dL in the group 2 with a P value of <0.001 which has high statistical significance. CRP showed mean±SD of 60±37 mg/L in the group 1 and 121±36 mg/L in the group 2 with a P value of 0.003 which is highly significant. Hematocrit value mean±SD was 37.2±4.1% in the group 1, while it was 45.3±7.3% in the group 2 with a P value of 0.005 which is highly significant. As regard total leucocytic count and platelets count, the mean±SD of the group 1 was 10.6±2.3 K/mm 3 and 255±37 K/mm 3 respectively while in group 2 it was 15.6±5 K/mm 3 and 178±43 k/mm 3 respectively. The P value for leucocytic count was 0.006 while for the platelets count was 0.001 and both are considered highly significant.
Total serum calcium mean±SD of the group 1 was 2.07±0.32 mmol/L and for the group 2 was 2.38±1.04 mmol/L with a P value of 0.3 which is considered statistically insignificant. At the same time, Serum amylase mean±SD of the group 1 was 653.1±368.9 U/L and for the group 2 was 1054.2±714.9 U/L with a P value of 0.11 which is considered statistically insignificant. Both total serum calcium and serum amylase were ruled out as possible predictors of severity due to their insignificant P value.
BUN showed median of 31 mg/dL in the group 1 and 78.5 mg/dL for group 2 with a P value of 0.003 which is considered highly significant. Similarly, AST median in the group 1 was 60 U/L and in group 2, it was 153 with a P value of 0.001 which is highly significant. As for the serum lipase the median in the group 1 was 451.5 U/L and in group 2, it was 966.5 with a P value of 0.02 with is considered statistically significant. On the other hand, total bilirubin, the median of group 1 was 1.74 mg/dL and 4.8 mg/dL in group 2 with a P value of 0.3 which is insignificant and thereby ruled out as a possible predictor of severity.
As regards local complications, all patients of group 2 showed peripancreatic fluid collection with no evidence of acute necrotic collection. As for systemic complications, all patients of group 2 had renal failure but only 8 patients of group 2 have pleural effusion and only 2 patients in group 2 had respiratory failure. (table2)
Ultrasonography was used to detect gall bladder stones and biliary mud as a possible cause for acute pancreatitis. Gall bladder stones and/or biliary mud had been confirmed to be present by ultrasonography in 14 patients in group 1 and 6 patients in group 2. Post ERCP acute pancreatitis had been found in one patient in group 2. The causing agent had not been identified in 14 patients in the first group and 5 patients in the second one. (table2)
Blood glucose, BUN, AST, CRP, serum lipase, BMI, hematocrit value, leucocytic and platelets counts were chosen for further statistical analysis as possible predictors of severity due to their significant P value. Area under the curve (AUC) had been calculated for the above mentioned possible predictors and it represents the overall accuracy of all points. With the area under the curve has been calculated, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy have been calculated with proposed cutoff values. From table 3, blood glucose, AST and platelets count showed the highest AUC, sensitivity, specificity, PPV, NPV and accuracy among other proposed predictors and can be used as predictors of severe acute pancreatitis. However, other proposed predictors showed high NPV and can be used to rule out severe acute pancreatitis rather than confirming it. 
Discussion
Accurate assessment of the incidence and mortality of acute pancreatitis is difficult as mild pancreatitis may be subclinical and deaths may occur before the diagnosis is made in severe and fulminant attacks. (12) Predicting severity of pancreatitis early in the course of disease is critical to maximize therapy and to prevent and minimize organ dysfunction and complications. At the same time, it can help identify patients at increased risk for morbidity and mortality, thereby assisting in appropriate early admission to intensive care units and selection of patients for specific interventions. As severe acute pancreatitis may progress very rapid and is normally associated with a complicated clinical course and higher mortality, it is vital to identify these patients as early as possible to initiate appropriate supportive management, especially within the first 24 hours after symptoms begin (14) . The search for a tool that can improve on the clinical assessment and predicting the severity of acute pancreatitis has been ongoing for decades. A number of predictive models have been developed to predict the severity of acute pancreatitis based upon clinical, laboratory, and radiologic risk factors, various severity grading systems, and serum markers (6) . However, these predictive models have low specificity which when coupled with the low prevalence of severe acute pancreatitis results in low positive predictive values (5).
The ideal tool should be simple, rapid inexpensive, noninvasive and easily applicable, can be performed as early as possible and have the statistical power to arrive to a valid conclusion accurately (15) .
In this study, Gallstone-induced pancreatitis was identified in 20 patients, 14 in the first group and 6 in the second group. Post ERCP induced pancreatitis was identified in one patient in the second group while idiopathic pancreatitis was identified in 19 patients, 14 in the first group and 5 in the second group. The high number of idiopathic pancreatitis cases was due to absence of alcoholic pancreatitis as a main cause due to prohibition of alcohol intake by local regulations and difficult access to alcoholic beverages.
In the current study, blood glucose level showed a high statistical power with P value less than 0.001 with AUC of 94%. At a cutoff value 154 mg/dL sensitivity was 83.3%, specificity 85.7%, PPV 71.4%, NPV 92.3% and accuracy 85%. An elevated glucose level is associated with organ failure and severe acute pancreatitis and this is why the elevated glucose levels are higher in the severe group. suggested that platelet count at admission and its change over the course of hospitalization can be useful measures for predicting prognosis in patients with acute pancreatitis. In addition, close attention must be paid to changes in the condition of any patient presented on admission with thrombocytopenia. They found platelets count less than 100 K/mm 3 is associated with increased mortality at day 1 and day 5 (18). Mimidis K. et al. found that platelets count, function and indexes were altered by the severity of the disease and the decrease of platelets were associated with a severe course of the disease (19) .
Regarding AST results, it showed a high statistical power with a P value of 0.001 with AUC 93.5%. At a cutoff value of 128 U/L sensitivity was 83.3%, specificity 92.9%, PPV 83.3%, NPV 92.9% and accuracy 90%.AST is an enzyme found primarily in the liver and heart, but it is also found in many other tissues including the muscle, red blood cells, pancreas, kidney, and brain. Damage to these organs or hemolysis releases the enzyme, resulting in elevated AST levels in the serum. Serum levels generally parallel to the extent of damage (20) . found that the increased levels of inflammatory mediators was correlated with liver damage in severe acute pancreatitis than the mild AP which explains the increased level of liver enzymes in the severe group more than the mild one (22) .
In the current study, BUN level at admission showed P value of 0.003 with AUC 90.5%.at a cutoff value of 59.5mg/dL sensitivity was 83.3%, specificity 78.6%, PPV 62.5%, NPV 91.7% and accuracy 80%. The elevated BUN is correlated to the amount of third space fluid loss and decreased renal perfusion and/or function in relation to the severity of the disease. Hence, the more severe the attack of pancreatitis, the more the level of BUN is rising. (24) .
In the present study, body mass index (BMI) was used to evaluate obesity in the study patients. BMI showed considerable statistical significance (P value is 0.005) with AUC of 88.7%.At cutoff value of 25.05, sensitivity was 83.3%, specificity 71.4%, PPV 55.6%, NPV 90.9% and accuracy 75%. According to modern conceptions, obese people are in a state of chronic inflammation. Studies have shown that excess adipose tissue generates more leptin and resistin, and less adiponectin. This, in turn, leads to the prevalence of pro-inflammatory over anti-inflammatory cytokines, resulting in a state of constant inflammation of the adipose tissue (25) . This explains why obesity has a negative impact on the course of acute pancreatitis and may lead to an attack of severe acute pancreatitis.
These results are supported by the study of Bonfrate L et al. who found that obesity is associated with increased incidence of gall stones and its complications including acute pancreatitis (26) . A meta-analysis done by Shin K.Y. et al that included 739 patients showed that obesity is associated with more severe course of the disease, systemic complications, local complications and higher mortality rate than other groups (27) .
Regarding C-reactive protein, it showed P value of 0.003 and AUC 88.1%. At a cutoff value of 88.5 mg/L sensitivity was 83.3%, specificity 78.6%, PPV 62.5%, NPV 91.7% and accuracy 80%.C-reactive protein (CRP) is one of the acute phase reactants made by the liver in response to interleukin-1 and interleukin-6. The CRP level is directly proportionate to the severity of the inflammatory process and this explains why CRP level is higher in the severe group than the mild group.
In agree with these results two studies performed by Wilson C et al. (28) and Ke, L. et al (29) . Wilson C et al. showed that levels of CRP above 150mg/L at 48 hours discriminate severe from mild disease. At 48 hours, CRP above 150 mg/L has a sensitivity, specificity, positive predictive value, and negative predictive value of 80, 76, 67, and 86%, respectively, for severe acute pancreatitis. Ke L. et al. found that CRP when combined with measurement of intraabdominal hypertension was a good predictor of severity early after hospital admission.
In the current study, hematocrit value showed considerable statistical power (P value 0.006) with AUC 85.1%.At a cutoff value of 40.5% sensitivity was 83.3%, specificity 78.6%, PPV 62.5%, NPV 91.7% and accuracy 80%. Acute pancreatitis results in significant third space losses, resulting in hemoconcentration and a high hematocrit value. This shows that a high hematocrit value at admission is associated with high third space loss of fluids and a more severe course of acute pancreatitis.
These results showed similarity to the studies performed by Lankisch P.G. et al. (30) and Remes-Troche J.M. et al. (16) to evaluate the hematocrit as a predictor of the severity of AP have produced variable results. The discrepancies may be due to differences in values chosen as a cutoff and the time that they were obtained. Despite these differences, it appears that a normal or low hematocrit at admission and during the first 24 hours is generally associated with a milder clinical course.
Moreover, Serum lipase level in this study showed P value of 0.02 with AUC of 83.3%. At a cutoff value of 565 U/L sensitivity was 83.3%, specificity 71.4%, PPV 55.6%, NPV 90.9% and accuracy 75%. Serum lipase levels represent the extent of the inflammatory process in the pancreas and the severity of the disease. Age, total calcium, total bilirubin and amylase levels showed little statistical significance in this study.
In the current study, in group 1, the mean age was 44 ± 16 years old. While in group 2, the mean age was 48 ± 12 years old. The P value was 0.6 which is statistically insignificant. This means that age is of no value in the prediction of severe acute pancreatitis in this study.
Several studies have concluded that older age is a predictor of a worse prognosis, although the age cutoff was varied from 55 to 75 years in different reports. In an illustrative study by Frey CF et al. (37) , patients older than 75 years had more than a 15-fold greater chance of dying within two weeks and a more than 22-fold greater chance of dying within 91 days compared with patients aged 35 years or younger. Gardner, T.B. et al. (38) found that age more than 79 years old is an independent predictor of severe acute pancreatitis. Age was irrelevant in this study and this can be explained by the heterogeneity of the cohort study.
Serum amylase level mean value in group 1 was 653.1 ± 368.9 U/L while in group 2 was 1054.2 ± 714.9 U/Land P value of 0.11 which is statistically insignificant. Serum amylase rises within 6 to 12 hours of the onset of acute pancreatitis. Amylase has a short half-life of approximately 10 hours and in uncomplicated attacks returns to normal within three to five days. Serum amylase elevation of greater than three times the upper limit of normal has a sensitivity for the diagnosis of acute pancreatitis of 67 to 83 % and a specificity of 85 to 98 %(31). However, elevations in serum amylase to more than three times the upper limit of normal may not be seen in approximately 20 % of patients with alcoholic pancreatitis due to the inability of the parenchyma to produce amylase, and in 50 % of patients with hypertriglyceridemia-associated pancreatitis as triglycerides interfere with the amylase assay(39).
This study results are supported by the study of Manes, G. et al who found that serum lipase and amylase levels were not useful in either detecting the etiology nor predicting the severity of acute pancreatitis (34) .
Total calcium level in group 1 was 2.07±0.32 while in group 2 was 2.38±1.04 with a P value of 0.3 which is statistically insignificant.
Although, Maher M. et.al found in a study performed on 149 patients that total calcium level has a P value of 0.67 and is statistically insignificant as a predictor of severity (7), but Gutierrez-Jimenez A. A. et al found that total calcium is a powerful predictor of severity in the first 24 hours (8) . There are differences in the population numbers between the two studies and this may explain the varying results.
Also total bilirubin showed P value of 0.3 which is statistically insignificant as a predictor of severity.
Maher, M. et.al found that total bilirubin level has a P value of 0.09 and is statistically inferior as a predictor of severity (7) . However, Chan T. et al found that in gallstone pancreatitis, a serum total bilirubin level 4 mg/dL or greater on hospital Day 2 predicts persisting common bile duct stones with enough specificity to serve as a practical guideline for ERCP while minimizing unnecessary procedures (40) . The result of our study can be explained by the heterogeneity of the cohort population and that bilirubin levels was obtained at admission.
Body temperature, heart rate and blood pressure were obtained from the patients of this study. Body temperature showed no statistical significance with P value of 0.27. On the other hand, heart rate and blood pressure showed good statistical discrepancy between the two groups, the heart rate mean±SD of 75.714 beats per second on the first group and 99±6.81 beats per minutes in the second group with P value of <0.001. The increased heart rate in the second group is due to physiological compensation to the third space fluid loss.
Systolic blood pressure mean±SD in the first group was 102.5±8.49 mm Hg and in the second group was 85.83±5.85 mm Hg with P value of <0.001. The diastolic blood pressure mean±SD was 62.86±5.08 mm Hg in the first group and 49.17±8.61 mm Hg in the second group with p value of <0.001. The lower blood pressure in the second group was due to third space fluid loss and shock due to the severe inflammatory process.
Conclusion
In conclusion, Blood glucose level, AST and platelets count showed the highest AUC, sensitivity, specificity, PPV, NPV and accuracy among other proposed predictors. Although other proposed predictors showed lower results than the above mentioned predictors, they still have very significant NPV and can be used to rule out severe acute pancreatitis.
